Prior cannabis use, compared to nonuse, is reported to be associated with less cognitive impairment in schizophrenia. The age of cannabis use and the persistent influence of cannabis use on cognitive function has not been examined across the psychosis dimension. Ninety-seven volunteers with psychosis (schizophrenia, schizoaffective, or bipolar psychosis) and 64 controls were recruited at the Dallas site of the Bipolar-Schizophrenia Network on Intermediate Phenotypes consortium. Cannabis use history obtained in a semi-structured manner was used to categorize subjects into nonusers, adolescent-onset users, and late-onset users. The a priori hypothesis tested was that individuals with psychosis and a history of adolescent cannabis use (ACU) would have better global neuropsychological performance, as measured by the Brief Assessment of Cognition in Schizophrenia (BACS) battery, compared to those with psychosis and no cannabis use history. BACS Composite scores were significantly higher in individuals with psychosis with ACU compared to individuals with psychosis and no prior cannabis use. In subgroup analyses, ACU influenced global cognition in the schizophrenia/schizoaffective (SCZ) subgroup but not the bipolar psychosis subgroup. Exploratory analyses within the SCZ group, suggest that ACU was associated with better performance in specific domains compared to non-ACU groups. There are distinct associations between age of cannabis use and neuropsychological function across psychotic illnesses. Specifically, ACU is associated with better cognitive function in SCZ but not bipolar psychosis. This age-dependent and diagnosis-specific influence of cannabis may need to be factored into the design of future cognitive studies in SCZ.
Introduction
The acute use of cannabinoids by healthy individuals can negatively impact cognition 1 with evidence of residual cognitive deficits in some cases 2, 3 but of unclear duration. [4] [5] [6] [7] Significant adolescent-onset cannabis use (ACU), however, has a more pronounced impact on cognition, [7] [8] [9] [10] with a recent prospective study finding that adolescentonset, but not adult-onset, cannabis use is associated with persistent cognitive deficits, most pronounced in executive function and processing speed 9 in otherwise healthy controls. In schizophrenia, an illness in which cognitive impairment is a core symptom, [11] [12] [13] one might expect that ACU would be associated with greater cognitive impairment. On the contrary, there is evidence suggesting that ACU in schizophrenia is associated with better performance on specific cognitive tasks. [14] [15] [16] [17] In this study, we sought to determine if the association between ACU and cognitive function extends beyond schizophrenia to other psychotic disorders. We made clear distinctions between adolescent-onset and adult-onset cannabis use to determine the potential influence of age of cannabis initiation on cognitive function. We compared neuropsychological performance of individuals with schizophrenia, schizoaffective disorder or bipolar I disorder with psychosis, grouped together as Psychosis, to Control participants. Cognitive function was tested using the BACS (Brief Assessment of Cognition of Schizophrenia) battery, a validated and reliable tool widely used in schizophrenia research. 18, 19 Psychosis and Control groups were categorized by cannabis use into (1) cannabis nonusers, (2) adolescent-onset cannabis users, and (3) late-onset cannabis users. We tested the hypothesis that Psychosis with ACU group would show better cognitive performance compared to Psychosis nonusers. Next, we tested this hypothesis in schizophrenia/schizoaffective and bipolar I with psychosis subgroups separately to determine if adolescent cannabis use had similar or different effects on cognitive performance between the 2 Psychosis subgroups.
Methods and Materials

Participants
This study uses data from the University of Texas Southwestern site of the Bipolar-Schizophrenia Network on Intermediate Phenotypes study. 20 Patient volunteers were eligible if they were between 15 and 65 years old, had a DSM-IV 21 diagnosis of schizophrenia, schizoaffective disorder, or bipolar I disorder with psychotic features. Control participants were in the same age range and had no personal history of any psychotic or recurrent mood disorder and no family history of schizophrenia, schizoaffective disorder or bipolar disorder in first-or seconddegree relatives (tables 1 and 2). All participants included provided sufficient substance use history and completed cognitive testing. A negative urine drug screen for all illicit substances was required for entrance to study. Exclusion criteria for both groups were (1) organic brain disease, including history of seizures, serious head injury, encephalopathy, and neurological malignancy; (2) intellectual disability; (3) diagnosis of DSM-IV substance abuse within the past month, substance dependence (excluding nicotine) within the past 3 months, or an extensive history of substance dependence; (4) unstable medical illness; and (5) the inability to read and speak English.
Participants within each group (Psychosis, Controls) were categorized on the basis of cannabis use: (1) Nonuse (cannabis use on less than 5 occasions during their lifetime), (2) Adolescent-onset cannabis use (ACU) before 18 years old, (3) Late-onset cannabis use (LCU) starting at or after 18 years old (table 1) . The Psychosis group was also divided by diagnosis into schizophrenia/schizoaffective disorder (SCZ) and bipolar I disorder with psychotic features (BPP) subgroups.
Assessments
Participants completed a clinical interview, as well as structured evaluations, including Structured Clinical Interview for DSM-IV diagnosis (SCID I), 22 Positive and Negative Syndrome Scale (PANSS), 23 Birchwood Social Functioning Scale 24 and Hollingshead Index of Social Position. In addition to the substance abuse module of the SCID, a semi-structured interview carefully detailing substance use history including age of onset, period and frequency of greatest consumption, and most recent use was conducted. Information about cannabis use history determined the participant's group assignment as above. Participants were considered to have significant non-cannabis substance use (Other subst) if they used illicit drugs other than cannabis on more than 4 occasions or met DSM-IV criteria for an alcohol use disorder. Cognitive testing included the Wide Range Achievement Test-4 (WRAT-4) Reading subtest, 25 used as an estimate of premorbid IQ, and the Brief Assessment of Cognition in Schizophrenia (BACS), 18 which includes 6 subtests and an overall Composite score. The 6 subtests are Verbal memory (list learning), Digit sequencing, Token motor, Verbal fluency, Symbol coding, and the Tower of London. Written informed consent was obtained from all participants after a detailed explanation of experimental procedures. The study was approved by the Institutional Review Board at UT Southwestern Medical Center. 
Statistical Analyses
Demographic and clinical data between groups were compared by ANOVA for continuous or χ 2 for categorical variables. All BACS scores were reported as age-and gender-corrected z-scores. A General Linear Model 2-way Analysis of Covariance ANCOVA with 2-by-3 factorial design (group [Psychosis vs Controls] × cannabis use [nonusers, ACU, LCU]) was used for cognitive outcomes, with the primary measure being BACS Composite score. Similar 2-by-3 ANCOVAs were used for subgroup analyses of BACS Composite comparing (SCZ vs Controls) × cannabis use and (BPP vs Controls) × cannabis use. We tested our a priori hypothesis separately. T tests were used for exploratory analyses examining individual BACS domains. We adopted the domain assignment proposed by Keefe et al, 19 which decreased the number of outcomes from 6 to 4 by averaging the z-scores for Digit Sequencing, Token Motor, and Verbal Fluency to form a single Processing Speed (PS) score. Verbal memory (VM), Working memory (WM; Digit sequencing task), and Executive function (EF; Tower of London) comprised the remaining 3 domains. The BACS battery is age and gender adjusted. Other demographic variables that differed across groups were evaluated for inclusion as covariates. Those variables that did not significantly affect the primary outcome were removed from the model. Significance level was set at P < .05. All analyses were performed in Statistica (Statsoft, Inc, version 9.1).
Results
Demographics
The demographic and clinical characteristics of Psychosis and Control volunteers are summarized in Within the Psychosis subgroups (SCZ, BPP), there was no statistically significant within-group difference in use of antipsychotic medications or of lifetime antipsychotic exposure, measured in chlorpromazine equivalents (F = 0.9, df = 5,56, P = .5).
Primary Analyses of Global Cognitive Performance
For the primary analyses on global cognitive performance, education, WRAT-4 Reading score, Birchwood Social Function Score and Other substance use were evaluated for inclusion as covariates. Of these, only WRAT-4 Reading score significantly impacted the BACS Composite score; the others were thus removed from the final model. All analyses shown below were covaried for WRAT-4 Reading score.
Psychosis vs Controls. BACS Composite scores were different between the Psychosis and Control groups (F = 28.9, df = 1,155, P < .001) but not affected by cannabis use (F = 1.56, df = 2,154, P = .31) and did not show a group × cannabis use interaction (F = 2.17, df = 2,154, P = .11; figure 1A ). Testing our a priori hypothesis, we found that the Psychosis with ACU group performed significantly better on the BACS Composite score than Psychosis nonusers (F = 5.54, df = 1,76, P = .02).
SCZ vs Controls. BACS Composite scores differed significantly between SCZ and Controls (F = 26.3, df = 1,127, P < .001), with no effect of cannabis use (F = 2.2, df = 2,126, BPP vs Controls. ANCOVA of the BACS Composite score found differences between BPP and Controls (F = 14.7, df = 1,86, P < .001) but no differences among cannabis use groups (F = 0.07, df = 2,85, P = .93) nor any interaction between diagnosis and cannabis use (F = 0.47, df = 2,85, P = .62; figure 1 ).
Exploratory Analyses of Individual Domains
Given the absence of an effect of cannabis use on BACS composite score for the BPP group, we report only the exploratory analyses between the Control and SCZ groups for the BACS domain scores.
Differences Among Control Groups. We did not observe any significant differences between the Control nonusers and Control with ACU groups (all F < 1.7, all P > .2). Similarly, there were no differences between the Control (CON) nonusers and Control with LCU (all F < 2.6, all P > .1) or between Control with ACU and Control with LCU groups (all F< 2.45, all P > .13).
Differences Among SCZ Groups. There were significant differences between SCZ nonusers and SCZ with ACU on most domains tested with SCZ with ACU performing better on most domains including PS (F = 6.2, df 1,54, P = .02), WM (F = 5.0, df 1,54, P = .03), and VM (F = 7.6, df 1,54, P = .01) but not EF (F = 3.1, df 1,54, P = .08). There were no differences in any of the subtests between SCZ nonusers and SCZ with LCU (all F < 1.5, all P > .22). There were also no differences between SCZ with ACU and SCZ with LCU groups (all F < 2.8, all P > .1). In the SCZ with ACU group, the mean age of cannabis initiation was 14.3 ± 2.05 years of age while mean age of onset of psychosis was 22.9 ± 9.1 years of age. There were, however, 6 volunteers in this group who reported onset of psychosis before that of cannabis use. We conducted analyses without these 6 cases and find that the significant differences between SCZ with ACU and SCZ nonusers on BACS total scores are not affected (F = 26.6, df = 49, P = .013) with the ACU group demonstrating better cognitive function.
Differences Between SCZ and Control Groups.
Comparisons between SCZ with ACU vs Controls with ACU did not reveal differences in most domains including WM (F = 2.9, df 38, P = .1), EF (F = 1.31, df 1,38, P = .3) or VM (F = 0.02, df 1,38, P = .9; figure 2) except for PS (F = 4.4, df 1,38, P < .04). On the other hand, the comparisons between Control nonusers vs SCZ nonusers showed significant differences in all the domains tested (all F > 4.5, all P < .03), as would be expected. Similarly, Control with LCU vs SCZ with LCU comparisons showed differences in all domains (all F > 4.2, all P < .05), except for EF (F = 6.3, df 1,19, P = .02).
PANSS Scores
This analysis was conducted to determine if cannabis use in SCZ or BPP is associated with symptoms captured in 
Discussion
This study is, to the best of our knowledge, the first to compare the influence of a history of adolescent cannabis use on cognitive function in individuals within the psychosis dimension, followed by comparison of the respective contributions of either schizophrenia/schizoaffective or bipolar I with psychosis subgroups to this cognitive performance.
The main finding of this study is that adolescent-onset cannabis use has a moderating effect on cognitive function in individuals with psychotic illnesses. When individuals with psychosis are divided into SCZ and BPP groups, we find that cannabis use in the BPP group is not associated with cognitive function. In the SCZ group, however, a history of cannabis use is associated with cognitive function, particularly when cannabis use starts during the adolescent years. SCZ with ACU individuals have better global cognitive function than all other SCZ Fig. 2 . Brief Assessment of Cognition in Schizophrenia (BACS) domain scores for Control (CON) and schizophrenia/schizoaffective (SCZ) groups, divided into nonusers, adolescent-onset cannabis users (ACU) and late-onset cannabis users (LCU). Significant differences within each diagnostic group are shown by an asterisk (P < .05). Data shown are mean ± SD. Significant differences within each diagnostic group are shown by an asterisk (P < .05). Data shown are mean ± SD. individuals (ie, nonusers and those who start using cannabis at or after age 18) and better performance on most of the cognitive domains tested. In fact, global neuropsychological performance in the SCZ and ACU group was not significantly different from Controls with ACU. Our exploratory analyses comparing Control with ACU and SCZ with ACU suggest that specific BACS domains, namely executive function, working memory and verbal memory, are not significantly different between groups. These data suggest that the SCZ with ACU group may have discrete deficits in contrast to other SCZ cases where deficits are more global in nature.
The reasons for this paradoxical effect on cognitive function in SCZ with ACU are not known. There are several possibilities to consider. One is that schizophrenia is a heterogeneous illness and ACU could define a schizophrenia subgroup. There is a substantial body of literature implicating cannabis as a risk factor for psychosis, [26] [27] [28] [29] [30] [31] [32] with greater risk with use at a younger age. [33] [34] [35] It is possible that individuals who will inevitably develop a psychotic illness may have greater biological loading than those who have a genetic predisposition but require an additional environmental insult, such as cannabis use during brain maturation, to trigger conversion to psychosis. The former may have more generalized brain dysfunction, whereas the path to psychosis induced by ACU may have more selective effects on psychosis and a subset of cognitive domains. This could explain our findings of similar psychosis symptom scale scores but less impairment in global cognition in SCZ with ACU.
A second possibility could be that the process of obtaining cannabis self-selects for individuals with better cognition. While the association between premorbid function and cannabis use is mixed, 14, [36] [37] [38] [39] the assumption is that obtaining cannabis requires a high level of social functioning. In this study, we did not find any differences between SCZ groups in psychosocial function as measured by the Birchwood Social Functioning Scale and Hollingshead index scores.
A third theory suggests that cannabis is neuroprotective, based upon effects of cannabinoids in animal models 40 and increased serum levels of brain derived neurotrophic factor (BDNF) and nerve growth factor (NGF) in medication-naïve schizophrenia volunteers with a history of cannabis abuse. 41, 42 Imaging studies, however, demonstrate greater loss of brain volume in first episode schizophrenia participants who use cannabis 43, 44 which is not consistent with a neuroprotective effect. Further, there is no evidence that healthy controls with ACU have improved cognitive function, rather reports suggest greater impairment. 2, 10 Our findings, based on a priori hypotheses and using a validated and reliable battery to measure cognition in schizophrenia, suggest that ACU is associated with less severe deficits in cognition in SCZ but not in bipolar psychosis. The former finding is consistent with 2 prior subgroup analyses of ACU. 14, 16 However, neither of these studies compared ACU to a group with negligible cannabis exposure (in our study less than 5 occasions). One study defines nonuse as less than weekly use for at least 12 months 14 while the other compares early-to late-onset cannabis use rather than nonuse. 16 They both examined heavy use; thus, our study suggests a greater susceptibility to the effects of cannabis than was previously supported. We also show that cannabis use does not impact cognitive function in bipolar psychosis, which to our knowledge has not been previously described. Two previous studies in bipolar disorder, irrespective of the age of cannabis use, 45, 46 report better cognitive performance in some domains for cannabis users as compared to nonusers. We do not find an effect of adolescent cannabis use in the control population which is contrary to previous studies that have reported deficits in cognitive function following varying periods of abstinence. 9, 47 One reason for this discrepancy could be our stringent definition of cannabis use as use on 5 or more occasions, a relatively low threshold compared to the studies that find persistent cognitive deficits with cannabis use.
There are limitations to consider in this study. First, the cannabis use data is based on retrospective selfreport, restricting the reliable estimation of cannabis use in terms of amount and frequency. Similarly, other substance use is also based on self-report. Substance dependence for the prior 3 months or substance abuse for the prior 1 month was an exclusion criterion for entry to this study. We evaluated alcohol use disorders and other substance use (besides cannabis) as a potential covariate in our analysis and find that this did not influence our outcome measures, similar to findings in previous reports. Another potential factor to take into account is sample size in the LCU groups. Dividing participants into groups of cannabis users resulted in these cells having 10-12 subjects that could lead to type I or type II errors. The major comparisons between nonusers and ACU groups, however, were still adequately represented. Finally, while the BACS was designed specifically to be sensitive to the generalized cognitive deficits seen most commonly in schizophrenia, it might not be attuned to other deficits that could be related to cannabis use.
In summary, we found superior performance on a measure of global cognition, as well as certain cognitive domains, in Psychosis with adolescent-onset cannabis use as compared to Psychosis nonusers. This difference was attributable to the Schizophrenia/schizoaffective subgroup and not the Bipolar psychosis subgroup.
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